association between calcium intake and BP, but the findings are inconsistent and may have been confounded in some of the calcium-supplementation trials. 8, 9 Recently, Mierlo performed a meta-analysis of 40 randomized control trial that showed that the effects of calcium supplementation on BP tended to be more pronounced in populations with a habitually low calcium intake and suggested that an adequate intake of calcium be recommended for the prevention of hypertension. 10 The dietary pattern of Chinese people, especially in the rural areas of northern China, is characterized by high sodium intake and low potassium and calcium intake. Our previous survey demonstrated that people there consume 230 mmol sodium/day but only 35 mmol potassium/day and 12 mmol calcium/day on average; the K/Na ratio was nearly 0.15, which is far lower than the ratio of 2.0 recommended by the National High Blood Pressure Education Program. 11 We presume that adding potassium and calcium to cooking salt, elevating the ratios of K and Ca to Na, would be a feasible hypertension-prevention approach. Our previous study demonstrated that moderate increases of potassium and calcium intake in schoolchildren could delay or lessen the rise in BP with age. 12 To observe the effects on BP of adding potassium
The prevalence of hypertension in China has risen rapidly during the past 30 years. A 2002 survey indicated that nearly 18% of Chinese adults (aged ≥15 years) had hypertension, corresponding to 177 million people in mainland China. 1 Salt may play an important role in the development of hypertension, and guidelines for prevention and treatment of hypertension agree that salt restriction is an effective intervention for preventing hypertension. [2] [3] [4] However, poor compliance is a stumbling block in primary care of hypertension in China.
Epidemiological and clinical studies have shown that potassium intake has an important role in blood pressure (BP) control in the general population and in people with high BP. 5, 6 A meta-analysis of 33 clinical trials, involving 1,560 hypertensive and 1,005 normotensive subjects, indicated that oral potassium supplementation can significantly lower BP, either systolic (SBP) or diastolic BP (DBP). 7 It also indicated an
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Salt Substitute and Blood Pressure a rate of about 2-3 mm Hg/s while auscultation was performed over the brachial artery. The first appearance of Korotkoff sounds was taken as the systolic pressure, and the fifth phase as diastolic pressure. Three measurements were usually performed for calculating the mean values, with 30 s between the measurements.
Heart beats were counted for 30 s in the sitting position after a rest of 5 min. Height and weight were measured while wearing shorts or clothes light weight without shoes.
Experimental determination. An antiseptic container was distributed to every participant for 8-h overnight specimen collection. Concentrations of potassium and sodium were measured by flame spectrophotometer.
Salt-sensitivity measurements. Salt sensitivity was measured at the beginning of the intervention by a volume expansion and volume contraction protocol as described elsewhere. 13 Statistical analyses. The data were shown as mean values ± s.d. The increase in value of BP (end point BP − baseline BP) and the BP increase range ((end point BP − baseline BP)/baseline BP × 100) were calculated. We applied general linear models with family codes as a random factor and treatment as a fix factor. The Student-Newman-Keuls t-test was used for a post hoc test. All calculations were performed with SPSS for Windows, version 13 (SPSS, Chicago, IL).
RESULTS
A total of 350 adolescents with high BP were registered for the study. Of those, only 325 (93%) were randomized. The total of related family members was 978 persons. The main reason for participants failing to randomize was inable to have their dinners at home all or nearly all the time throughout the study duration. Table 1 lists the characteristics of the three groups. The follow-up rate was 90.2% in adolescents and 85.7% in family members at the final follow-up. Of the adolescents, 32 people were withdrawn from the study: 18 moved away, 4 joined the army, 8 went to remote places to work, and 2 withdraw for other reasons. Table 2 and Figure 1 show the dynamic changes in dietary sodium and potassium seen at the follow-ups. We can clearly see that the dietary salt in the salt-restricted group was gradually decreased and had reached 50 mmol/day at the end. It was even lower than that in the added-potassium-and-calcium group (P < 0.05). No differences in potassium intake were found at follow-up among the three groups (P > 0.05).
Dynamic changes in dietary sodium and potassium

Dynamic changes in overnight 8-h urinary electrolytes
In the salt-restricted group, overnight 8-h sodium excretion gradually decreased and reached the lowest at the end. It was much lower level than that in the added-potassium-and-calcium group and in the control group (P < 0.05). Overnight potassium excretion in the added-potassium-and-calcium was increased and calcium to dietary salt on BP, a family-based intervention program was carried out in adolescents with high BP and their family members who lived together.
METHODS
The study was a randomized, single-blind, placebo-controlled trial in three rural villages of Hanzhong, in northwest China. The trial was approved by the ethics committees of Xi'an Jiaotong University, China. All participants provided informed consent.
Study population. A group of 350 adolescents with high BP defined as SBP ≥90th percentile by age and sex, screened from 4,623 subjects who have been followed up for 10 years, were enrolled, as well as the families (300 total) with whom they live, for a total of 978 family members. The participants were required to have no contraindication to the supplementation of potassium and calcium, such as the use of a potassiumsparing medication or significant renal impairment. A blood test was done at registration and at randomization to check serum creatinine and potassium levels. Any individual with abnormal blood tests confirmed by the responsible physician was excluded. Of the group, only one was excluded for renalvascular hypertension.
Study protocol. After randomization by coin toss, particpants were allocated to three groups. For the added-potassium-andcalcium group, we supplied the families with salt to which potassium chloride and calcium chloride had been added, according to the daily salt consumption of each family, such that each person would consume approximately 10 mmol of potassium and 10 mmol of calcium extra per day. In the salt-restricted group, salt intake gradually decreased through health-behavior education; the goal was 50-100 mmol per person per day at the end of 2 years. No interventions were taken with the controls. Salt was supplied freely to all the groups. Our researchers visited to each family 15 kitchen to assess the amount of salt consumed every month. Participants were asked to eat dinners all their dinners at home throughout the study duration.
Participants were followed up every 6 months. At baseline and at follow-up visits, BP, heart rate, weight, height, and overnight 8-h urinary potassium and sodium excretion were measured. An interview about the past 3 days' food consumption and a questionnaire assessing knowledge of high BP were also completed at baseline and at follow-up.
BP measurements. BP recordings were taken in a sitting position, with the right arm bared, supported, and positioned at heart level, after at least a 5-min rest in a bright and quiet a room with the temperature kept at 18-22 °C, using a mercury sphygmomanometer with a suitable cuff size. After selection of the appropriately sized cuff, to completely encircle the arm without overlap, the cuff was applied snugly around the arm with the lower edge above the antecubital space and was inflated to about 30 mm Hg above the points at which the radial pulse disappeared. The cuff pressure was then released at
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The dynamic changes of BP in family members noted in 2 year follow-ups are shown in Figure 5 . The BP reduction in the added-potassium-and-calcium group was 5.4 mm Hg for SBP and 3.4 mm Hg for DBP (4.2 and 4.2%, respectively). In the salt-restricted group, the reductions were 5.6 and 2.4 mm Hg for SBP and DBP (5.2 and 3.1%), respectively. In contrast, there were 1.1 mm Hg (SBP) and 0.9 mm Hg (DBP) throughout and was higher than that in the salt-restricted group and the control group, (P < 0.05) (Figures 2 and 3) .
Dynamic changes in BP
After the 2-year intervention, SBP had decreased by 5.9 mm Hg (4.7%) and DPB by 2.8 mm Hg (3.6%) in the added-potassiumand-calcium group. In the salt-restricted group, SBP had fallen by 5.8 mm Hg (4.8%) and DBP by 1.0 mm Hg (1.4%). In the control group, however, SBP had risen by 1.3 mm Hg (1.1%) and DBP by 2.3 mm Hg (1.8%). There was no difference between the added-potassium-and-calcium group and the restricted salt group (P = 0.24) (Figure 4) . 
Table 2 | Dynamic changes of dietary sodium and potassium intake during the follow-ups
Group Baseline 6 Months 1 Year 2 Years
Added-K-and-Ca group sodium intake (mmol/day) 140 ± 59 144 ± 54 134 ± 39 136 ± 40* potassium intake (mmol/day) a 36 ± 16 46 ± 15 35 ± 13 39 ± 15 salt-restricted group sodium intake (mmol/day) 141 ± 56 121 ± 40 106 ± 65 87 ± 41** potassium intake (mmol/day) 37 ± 13 48 ± 16 36 ± 15 35 ± 14
Control group sodium intake (mmol/day) 137 ± 49 127 ± 31 138 ± 48 135 ± 46* potassium intake (mmol/day) 36 ± 13 47 ± 15 36 ± 14 36 ± 18
a Excluding potassium added to salt. *P < 0.05, compared with the salt-restricted group. **P < 0.05, compared with the baseline. 
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Salt Substitute and Blood Pressure subjects was more greater than those in the non-salt-sensitive (NSS) group (Figure 6 ). There were 10.1/5.5 mm Hg reductions in SS subjects and 3.6/1.1 mm Hg reductions in NSS subjects (P < 0.05) in the added-potassium-and-calcium, and there were 7.9 mm Hg reduction of SBP in SS subjects vs. 2.2 mm Hg reduction of SBP (P < 0.05) in the salt-restricted group.
Adverse reaction
There were no reports of adverse events among the three groups during follow-up. No episodes of severe hyperkalemia, hypercalcemia, or kidney calculi were recorded.
DISCUSSION
The diet of Chinese people, especially in the rural areas of northern China, is characterized by a high sodium intake, but an insufficient intake of potassium and calcium. 14 It has been established that potassium has an important role in BP control, 5, 6 and potassium supplementation has an antagonist effect to sodium through sodium and potassium interreaction. 15 Calcium plays a role in BP regulation, but the importance of supplemental calcium intake for the prevention of hypertension is debated. A recent meta-analysis showed that the effects of calcium supplementation on BP were somewhat larger in people with a relatively low calcium intake (800 mg/ day), that is, reduction of 2.63 mm Hg for SBP and 1.30 mm Hg for DBP. 10 Therefore potassium and calcium supplementation may be an approach for the care of BP, especially in those with an insufficient intake of potassium and calcium. The antihypertensive effects of potassium and calcium supplementation in patients with essential hypertension have been demonstrated. 15, 16 The China Salt Substitute Study, which tested the effects of a salt substitute (with reduced sodium and added potassium) on BP in high-risk rural northern Chinese adults, showed that a significant and sustained reduction in SBP could be achieved. 17 However, there have been few clinical or epidemiological studies of the effect of potassium and calcium supplementation on BP in adolescents. In our previous study, 12 we carried out a trial among school children, aged 9-13 years, to explore the effect of school-based primary care of hypertension with potassium and calcium supplementation; 6 mmol of potassium and 7.5 mmol of calcium, in capsules, were given to children under the supervision of a teacher every morning for 2 years. The results suggested that a moderate increase of calcium and potassium intake in schoolchildren could delay or limit the rise of BP with age, and that schoolbased primary care of hypertension would be an effective approach in China.
This study indicates that either adding potassium and calcium to dietary salt or restricting of salt can decrease BP in adolescents, as well as in their related family members, especially for those with salt sensitivity. Moreover, the effects on BP of adding potassium and calcium to dietary salt were similar to those of salt restriction on BP for the adolescents and that related family members, and with better compliance. Many subjects with hypertension will not give up the taste of regular salt and consequently are unable to sufficiently reduce their salt intake, elevations in the control group (1.7 and 1.1%, respectively). Compared with the changes in the control group, there were significant differences (P < 0.05).
In total, 79 adolescents were determined to be salt sensitive. Of those, 41 were in the salt-restricted group and 37 were in the added-potassium-and-calcium group. Further subgroup analysis showed that the BP reduction in the salt-sensitive (SS) even though sodium restriction is widely recognized as the best nonpharmacological approach to the prevention and treatment of hypertension. 2, 3, 18 Compliance with a low-salt diet is particularly difficult for people in northern China because their diet is high in salt. Therefore, potassium and calcium supplementation, by adding it to cooking salt, is a feasible approach for control of BP in those with a high salt diet in and insufficient potassium and calcium. The sodium/potassium ratio is believed to be more important than the absolute amount of digested salt. Potassium and calcium seem to have antihypertensive effects 19 and other cardiovascular benefits. 20 In humans, the response of BP to salt loading has been used to determine salt sensitivity. A person with salt sensitivity, if exposed to a long-term high-salt diet, will develop high BP. 21 Our previous study indicated that about 28% of adults in the general population and 60% of hypertensives in China were salt sensitive. 22 In this study, 37.0% of enrolled adolescents with high BP were salt sensitive. Generally, BP in SS subjects was more responsive to salt restriction than were NSS subjects. Our study found that the BP decrease in SS subjects was greater than in the NSS subjects, in both the added-potassium-and-calcium group and the salt-restricted group. This suggests that the effects on BP of potassium and calcium supplementation are similar to those of salt restriction, especially in persons with salt sensitivity.
In the Chinese countryside, household cooking is a determining factor in individual salt intake as well as that of potassium and calcium. To our knowledge, no other family-based intervention with potassium and calcium supplementation has been conducted in adolescents with high BP in China, whose diet is traditionally low in potassium and calcium. Therefore, family-based primary prevention of hypertension by adding potassium and calcium to cooking salt, like restriction of salt intake, seems to be a suitable approach for BP control, and should be promoted widely to the Chinese community.
